INTRODUCTION 1. UVOD
Heat treatments are based on the action of temperature in successive stages and under controlled conditions, changing the polymeric chemical structures of wood. In general, these treatments cause the wood to exhibit a small loss in strength, in exchange for increased dimensional stability, aesthetic improvements and increased durability.
These improvements were explained through the degradation of pentosans to aldehydes and subsequent condensation of these carbonyl groups to the components of lignin phenols, thus generating a hydrophobic complex that improves the natural properties of wood. The modifi cation of polymers should be done at relatively mild temperatures. When increasing the temperature, side-reactions begin to happen, whereby the pentosans, instead of being transformed into aldehydes, are converted into acids, which catalyze chemical degradation of all polymeric structures of wood (Mohebby, 2003) .
However, the method of treatment may have a signifi cant effect on the properties of the heat treated wood. Differences between the processes may be related to the process conditions, i.e. the heating of wood in a sealed reactor allows for the build-up of degradation products that can affect the chemical changes taking place in the wood (Stamm, 1956) .
Therefore, the main objective of this study was to assess the infl uence of thermal treatments, in a closed reactor using a low range of temperature in the absence of the air through water and vapor, on some wood properties of Pinus radiata and Pseudotsuga menziesii.
MATERIAL AND METHODS

MATERIJAL I METODE
Pinus radiata and Pseudotsuga menziesii wood was supplied by a wood industry. Samples (70 × 70 × 100 mm) were obtained from both species, and a total of 56 samples were prepared for this experiment. The samples were used to assess the wood properties before the heat treatments, as well as to assess the infl uence of heat treatments on the properties of modifi ed wood.
In this study, an autoclave was used with a capacity of 200 l with a maximum temperature of 160 °C. A wood dryer was also used. Appropriate instrumentation and equipment were used to characterize chemically the wood, as well as its physical and mechanical properties.
The experimental design used in this study, see Table 1 , considered the following variables to assess the effect of heat treatments on wood properties: two species (Pinus radiata and Pseudotsuga menziesii), the absence of the air through water and vapor (hydrothermal and hygrothermal) and three levels of temperature (130, 145 and 160 °C) , with each level of temperature being applied for fi ve hours. The experiments resulted in twelve treatments or interactions plus controls. Subsequently, the heat treated wood was dried until reaching an equilibrium moisture content (EMC) near to 10 %. The wood was then put inside an oven for two hours at 200 °C to consolidate the new polymeric structures (Militz, 2002) .
Finally, steam conditioning was applied to restore an EMC ranging between 8 to 10 %, allowing for the heat treated wood to be machined afterwards.
The characterization of wood before and after the heat treatment is described as follows. Chemical composition: solvent extractives in boiling water, and ethanol toluene according to TAPPI T 204-om-88.1 % sodium hydroxide solubility TAPPI T 212-os-76 and lignin (TAPPI T 222 om-88); Physical and Mechanical properties: moisture content, anhydrous density, tangential and radial shrinkage by NCh176/1, 2 and 3 were determined; tests for MOE were also conducted using standard DIN 52 186.
For the analysis, the results were processed to know their distribution and decide on the use of parametric or non parametric statistics.
RESULTS AND DISCUSSION
3. REZULTATI I RASPRAVA 3.1 Chemical changes in wood by hydro-and hygro-thermal treatments 3.1. Kemijske promjene u drvu nakon hidrotermičke i higrotermičke obrade Table 2 shows an average increase of total extractives content, 1 % sodium hydroxide solubility and lignin values in heat treated wood, in comparison with the controls for both conifer species.
However, when comparing between heat treatments, both Pinus radiate and Pseudotsuga menziesii show that total extractive content values tend to decre- probably due to the fact that most of the wood samples came from the central part of the tree. As shown in Table 3 , the shrinkage in tangential and radial directions was improved for Pinus radiata and Pseudotsuga menziesii when using both water and vapor. In tangential directions, the control samples coincidentally had the same value for both species (6 %) and some treatments reduced this value to approximately 4 %. On the other hand, after some treatments, the values of control samples for Pinus radiata and Pseudotsuga menziesii (3.3 % and 3.63 %) were reduced to approximately 2.4 % in the radial directions. Table 3 also shows the modulus of elasticity (MOE) of Pinus radiata and Pseudotsuga menziesii wood after a hydro-and hygro−thermal treatment. In general, a loss in strength was observed as temperature increased for both species, either in water or vapor treatment in comparison with the control values. However, for Pinus radiata the MOE was higher at 130 °C and then decreased as a function of temperature. This behavior of MOE was also reported for Eucalyptus globules, where the apparent modulus of elasticity of the treated wood was a little bit higher than MOE of the original wood (Santos, 2000) . Kim et al. 1998 found close relationship between the decrease of bending properties in MOE and the temperature in Pinus radiata wood treated at 120 °C, 150 °C and 180 °C for 6 to 96 hours. Thermally treated wood shows an improvement in both tangential and radial shrinkage, however, these improvements vary depending on the treatment applied.
ase in water when the temperature increases. Conversely, under vapor conditions for both species, the extractive content values tend to increase.
In case of the 1 % sodium hydroxide, in water as well as vapor, the values tend to decrease with the increase of temperature; the degradation of hemicellulose can be inferred because these soluble products represent the portion of holocellulose content that remains after boiling water and ethanol.
As shown in Table 2 , the use of water or vapor is an important factor to be considered, because they have an effect on the chemical composition of the heat-treated wood. The results in Table 2 suggest that the water heat treatment facilitates the diffusion of degraded sugars and extractives out of the wood, unlike the vapor heat treatment where the degraded sugars and extractives remain in the wood.
Subsequently, the lignin generally increases keeping proportion with the loss of polysaccharide material in heating. Sandermann and Augustin (1964) suggest that, although lignin is thermally more stable than polysaccharide component of the cell wall, some thermal degradation of lignin occurs at relatively low temperatures, with the production of various phenolic degradation products.
Physical and mechanical changes in wood by
hydro-and hygro-thermal treatments 3.2. Promjena fi zikalnih i mehaničkih svojstava drva nakon hidrotermičke i higrotermičke obrade
The referential values of density of Pinus radiata and Pseudotsuga menziesii are approximately 0.45 g/ cm 3 and 0.41 g/cm 3 , respectively, while the density of the samples for both species were 0.39 g/cm 3 and 0.36 g/cm 3 , respectively (see Table 3 ). This difference is A comparison between heat treatment indicates that tangential and radial shrinkage tend to decrease as a function of temperature. This trend is altered by the effect of wood density and the total extractives content remaining after treatment. Table 3 shows that tangential shrinkage values are high in those treatments where extractives are found in smaller amounts, see Table 2 . Conver sely, low tangential shrinkage values are found in the treatments where there are more extractives, see Table 2 .
Moreover, when comparing the two species, Pseudotsuga menziesii has lower tangential shrinkage than Pinus radiate in both water and vapor. This is possibly due to the lower density of Pseudotsuga menziesii.
On the other hand, the Kruskal−Wallis test was used to compare the effect of treatments on some physical and mechanical responses in heat-treated wood, because the obtained responses did not fi t a normal distribution even after transformation of the data.
The Kruskal-Wallis test compares the medians of tangential shrinkage within 12 levels of treatment. Since the p-value is less than 0.05, there is statistically signifi cant difference between the medians at a confi dence level of 95.0 %. Figure 1 and 2 show the behavior of tangential and radial shrinkage values, respectively, as a function of the treatments.
The Kruskal−Wallis test compares the medians, which indicate that there are signifi cant differences between treatments. By using the medians, it is also possible to identify which group of treatment is different from the other. Figure 1 shows the treatments 11, 4, 5, 6 and 9 with similar medians. These treatments present the lower median values in tangential shrinkage than the rest of treatments. These results could be explained through the extractives contents, which are high in these treatments, see Table 2 . Figures 1 and 2 also show that the lower tangential and radial shrinkage for Pinus radiata was the treatment that showed more total extractives content remaining for this species, the treatment 9, see Table 2 . Taylor (1974) found that the removal of extractives increases the shrinkage and swelling of wood. The Kruskal-Wallis test was used for both physical and mechanical properties to compare the medians of the modulus of elasticity within the 12 levels of treatment. Since the p-value is less than 0.05, there is a Figure 3 shows the behavior of the modulus of elasticity values as a function of the treatments. Figure 3 shows that treatments 6 and 12 produce the lowest values of MOE. These treatments correspond to Pseudotzuga menziessii at 160 °C in water and vapor, respectively, possibly due to the lower density of this species.
In the case of Pinus radiate, treatment 9, with vapor at 160 °C, showed a MOE lower than treatment 3 (water).
The differences among treatments 9 and 3 could be explained by the wood density, which was higher in samples used for the treatment 9. However, the wood samples used for treatments 12 and 6 have the same average density, and 6 produced a lower MOE than 12, see Table 3 . In this case, a possible explanation could be the high level of remaining lignin in comparison with the holocellulose, which indicates a strong degradation of those treatments when using water, see Table 2 .
Finally, considering that heat treatments alter the relationship between water and wood, it is expected that a reduction in the cell wall moisture content will produce changes in mechanical properties of the wood.
CONCLUSION 4. ZAKLJUČAK
Hydro-and hygro-thermal treatments have an effect on the original chemical composition and, therefore, on the properties of Pinus radiata and Pseutozuga menziesii wood.
The extractives and degradation products that remain in wood processed at low temperature range in a closed reactor seem to be a very important factor affecting the results.
